INTRODUCTION
============

Central nervous system (CNS) infection is often associated with a fatal outcome or permanent damage, including cognitive and behavioral impairment, mental change, seizure, and focal neurological deficits such as hemiparesis, dysarthria, diplopia, and aphasia.[@B1]-[@B6] Thus, early identification and proper treatment of neuronal damage are essential for optimal prognosis. However, it is currently difficult to make a prognosis, particularly in cases with substantial brain damage; thus, development of a reliable marker for neuronal damage may be of prognostic value for CNS infections.

S100B is a cytoplasmic calcium-binding protein that is abundant in astroglial cells in the CNS[@B7] and regulates intracellular and extracellular calcium activity. Although the mechanism underlying S100B secretion is unknown, the protein has been shown to increase in the cerebrospinal fluid (CSF) and serum following various neurological insults, including traumatic head injury, subarachnoid hemorrhage, and cerebral infarction, and cardiac arrest.[@B8]-[@B11]

CSF concentrations of glial fibrillary acidic protein (GFAP) and neuron-specific enolase (NSE) have been used as markers of neuronal destruction. In contrast to GFAP and NSE, S100B release is independent of natural cell death and the status of the extracellular medium.[@B12] The concentration of this protein in the CSF is comparable to that in brain tissue, suggesting that S100B concentrations indicate the degree of neuronal damage.[@B12] Experimental evidence has shown that S100B is increased in the CSF of rabbits with pneumococcal meningitis.[@B13] Elevated S100B protein levels in the CSF of infants with bacterial meningitis are related to the risk of brain lesions.[@B14] Previous studies have demonstrated that serum S100B levels were higher in patients who had CNS infections than in patients with extracerebral infections.[@B15] However, few studies have investigated the usefulness of CSF S100B protein as a specific marker for neuronal damage in adult patients with CNS infections.

The present study evaluated the association between acute-phase CSF S100B levels in patients with CNS infection and presence of neuronal damage.

MATERIALS AND METHODS
=====================

Subjects
--------

Sixty-two patients from Uijeongbu St. Mary\'s Hospital, Catholic University of Korea, who had CNS infections confirmed by clinical diagnosis and CSF studies including culture, were consecutively enrolled in the present study. Bacterial/tuberculosis CNS infections were confirmed by the presence of pleocytosis in the CSF, a Gram-positive bacterial stain, an acid-fast bacillus stain, and tuberculous polymerase chain reaction or positive bacterial or tuberculous cultures. Viral CNS infections were confirmed as the presence of pleocytosis in a negative Gram stain and a bacterial/tuberculous culture. Patients were classified as having neuronal damage (CNS+N) or having no neuronal damage (CNS-N) at the time of discharge. Neuronal damage was diagnosed by mental change or focal neurological signs, the presence of seizure, abnormal electroencephalogram findings, and a magnetic resonance imaging (MRI) scan showing acute parenchymall lesions of the brain in more than leptomeninges. Patients diagnosed with acute benign headache (n=40) who had a normal neurological examination and normal results on computed tomography or MRI scans, and lumbar puncture, served as controls. All subjects who experienced stroke, brain tumor or head trauma within 3 months and who had previous neurological sequelae were excluded.

Measurement of S100B protein levels
-----------------------------------

A person who was blind to the diagnosis of each patient performed measurement of CSF S100B concentrations. The CSF samples were stored at -20℃. S100B protein concentrations were analyzed using a commercially available Enzyme-Linked Immunosorbent Assay kit (BioVendor Laboratorni Medicina, A.S., Brno, Czech Republic.) according to the manufacturer\'s protocol. Duplicate 40 µg CSF samples were applied to well plates. After washing three times, biotin-labeled antibody solution was added and the samples were incubated for 60 minutes. After washing five times, the samples were incubated in Streptavidin-HRP conjugate for 30 minutes, and then the wells were washed five times. Then, substrate solution was added. The reaction was stopped by stop solution, and the absorbance was measured at 450 nm using a microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Statistical analysis
--------------------

CSF S100B protein data that did not follow a normal distribution are expressed as median and interquatile range. Analysis of the CNS-infection subgroups was performed using the nonparametric Kruskal-Wallis test. When the result was significant, the Mann-Whitney U test was performed to make comparisons between subgroups.

Following the result of a pilot test, to detect the differences between 2 groups by t-test, the minimal required sample size was 98 under the assumption of alpha error 0.05, power 0.8 and calculated effect size d=0.615. Normal S100B protein levels in humans have not been determined and, because the cutoff values for the presence of neuronal damage are unknown, we defined positive values as three standard deviations above the mean values observed in the control group.

SPSS version 16 (SPSS Inc., Chicago, IL, USA) was used to conduct statistical tests. Two-tailed *p* values \<0.05 were deemed statistically significant.

RESULTS
=======

Characteristics of the study population
---------------------------------------

Sixty-two patients with a CNS infection were included in the study. Of those, 44 were diagnosed with a viral infection (34 viral meningitis and 10 viral encephalitis), six with a bacterial infection, and 12 patients were diagnosed with a tuberculous infection. Patient age ranged from 17-79 years (mean 38.1 years), and 55% were females. The CNS+N group comprised 22 patients (45.9±17 years, 41% female) and 40 patients were in the CNS-N group (33.9±13 years, 67% female). All CSF samples were obtained on the day of hospitalization to measure the changes of CSF S100B in acute phase. Duration from headache onset to CSF sample was 4.7 days.

CSF profile and S100B levels
----------------------------

The analysis of CSF S100B protein according to group revealed that S100B levels in the CNS+N group (0.235 µg/L, 0.10-2.18) were significantly higher than those in the CNS-N (0.087 µg/L, 0.06-0.12) and control groups (0.109 µg/L, 0.07-0.14; *p*\<0.01). No significant difference in S100B protein levels was found between the CNS-N and control groups (*p*=0.147). The CSF was S100B positive in 2/40 (5%) of the CNS-N group and in 10/22 (45%) of the CNS+N group (*p*\<0.01) ([Fig. 1](#F1){ref-type="fig"}, [Table 1](#T1){ref-type="table"}).

The comparison among CNS infection subtypes revealed that S100B levels in patients with tuberculous infection tended to be higher than those in the other subgroups are; however, the difference between the patients with viral (0.101 µg/L; 0.05-0.15), bacterial (0.106 µg/L; 0.07-0.23), and tuberculous infections (0.127 µg/L; 0.11-1.09) was not statistically significant (*p*=0.143) ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

The present study demonstrated that CSF levels of S100B protein were significantly higher in patients with CNS infections who had neuronal damage than in those who did not have neuronal damage.

S100B protein is expressed by astrocytes, and at least 80% of the total S100B protein pool is found in the brain.[@B7],[@B16],[@B17] S100B inhibits protein phosphorylation by interacting with kinase substrates and plays a role in assembling important components of cell cytoarchitecture.[@B18],[@B19] Little is known about the functional implications of S100B secretion by astrocytes, but a substantial amount of evidence indicates that S100B exerts trophic or toxic effects on neuronal cells depending on its concentration.[@B19] At normal levels, S100B may have a neuroprotective role against glutamate toxicity.[@B20] The protein stimulates neurite outgrowth[@B21] and enhances survival of neurons after injury,[@B22] and local administration of S100B has been reported to stimulate regeneration of injured rat sciatic nerve *in vivo*.[@B23] In contrast, high levels of S100B resulting from an astrocytic reaction or reactive astrogliosis exacerbate neuroinflammation and neuronal damage.[@B24] Recent observations have shown that high concentrations of S100B protein induce apoptotic death by interacting with the receptor for advanced glycation end product to elevate reactive oxygen species and activate the caspase cascade.[@B25]

S100B levels are elevated in a variety of CNS disorders.[@B8]-[@B11] Although S100B release may be an effect of the condition rather than the cause, it is nonetheless highly associated with neuronal damage and, as such, is a strong candidate for a surrogate marker of CNS injury.[@B19] Connolly, et al.[@B26] reported a correlation between S100B concentrations and neurocognitive decline after carotid endarterectomy. A recent study of serum S100B protein in patients with systemic lupus erythematosis (SLE) reported that S100B levels were notably raised in SLE patients with neuropsychiatric manifestations and were related to the degree of neurological injury.[@B27],[@B28] CSF and serum S100B levels decreased and neuropsychiatric manifestations improved after 3 months in patients who accepted a standardized treatment, suggesting that the neuropsychiatric manifestations were induced by anti-neuronal antibodies, which ultimately caused neuron destruction and alterations in excitability.[@B27] Elevated serum S100B protein levels have been found to be related to poor outcomes as measured by the Glasgow Coma Scale in patients with cerebral infectious disease.[@B15] Furthermore, serum S100B protein levels have been shown to be associated with outcome in adults with ischemic stroke, post cardiac arrest, and post traumatic brain injury.[@B8],[@B29]-[@B31] We excluded patients with stroke, brain tumor or head trauma history within the past 3 months for the removal of the influences from other diseases.

In the present study, CSF S100B protein levels tended to be higher in patients with a tuberculous infection than in those with a viral infection, or the control group; however, the difference was not statistically significant. This may have been the result of the wide variation in S100B levels in patients with tuberculous infection. It is possible that tuberculous and bacterial infections, which had a high rate of accompanying neuronal damage, created bias toward higher levels of CSF S100B protein. Spinella, et al.[@B32] analyzed CSF S100B protein in children with meningitis according to etiology and found that those with bacterial and tuberculous meningitis had elevated S100B protein levels compared with those who had aseptic meningitis; however, the difference failed to reach statistical significance. Undén, et al.[@B15] reported that patients with bacterial meningitis tended to have higher levels of serum S100B protein than did patients with viral meningitis, but the difference was not statistically significant. Of particular importance, serum S100B levels were higher in the bacterial meningitis group than in patients with extracerebral bacterial infections such as bacterial pneumonia and bacterial enteritis, suggesting that an elevation in S100B protein levels is not dependent on etiology. Thus, the evaluation of CSF S100B is more likely to be related to the severity of neuronal damage than to the cause of the CNS infection.

To summarize, the results of the present study indicate that the high concentrations of S100B protein in the CSF associates with the neuronal damage after CNS infection. Further clinical or experimental studies are needed to identify the CSF S100B levels to predict the neuronal damage and to verify a causal relationship between neuronal damage and S100B protein in the pathogenesis of the CNS infections.
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CSF, cerebrospinal fluid; CNS, central nervous system; SD, standard deviations.

Positive patients with levels ≥3 SD above the mean levels in control group.

^\*^*p*\<0.05 compared to the CNS-N group.

^†^*p*\<0.05 compared to the control group.
